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(57) Abstract: In one embodiment, a multi-engine locomotive includes at least one converter to convert mechanical energy out- 
putted by the engines to Direct Current (DC) electrical energy, a traction motor, and a DC bus connected to the engines, con- 
verter, and traction motor. The engines are configured to provide a power-per- length and/or power density that is greater than the 
power-per-length and/or power density of a single-engine locomotive having a power rating approximately the same as the cumu- 
li- lative power rating of the engines in the multi-engine locomotive. 
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MULTIPLE ENGINE LOCOMOTIVE CONFIGURATION 



FIELD 

The present invention relates generally to vehicular propulsion systems and 
specifically to locomotive propulsion systems. 

BACKGROUND 

Railroads are under increasing pressure to reduce emissions and fuel 
consumption. One of several responses to these forces has been the development of 
hybrid locomotives. Donnelly has disclosed the use of a battery-dominant hybrid 
locomotive in US 6,308,639 which is incorporated herein by reference. Hybrid 
locomotives can reduce emissions and fuel consumption in many rail situations such 
as yard switching but they are less effective for medium haul freight or commuter 
trains. 

In the search for efficient engine and fuel strategies, many different power 
plant and power delivery strategies have been investigated. Some of these have 
involved approaches which attempt to synchronize multiple engines of the same type 
or to utilize different fuels for the same engine. Other strategies involve combinations 
of conventional and hybrid locomotives in a consist. 

Donnelly has also disclosed a method and apparatus for controlling power 
provided to DC traction motors by furnishing an individual chopper circuit for each 
traction motor in US 6,812,656 which is incorporated herein by reference. Donnelly 
et al. have disclosed a method of monitoring, synchronizing and optimizing the 
operation of the locomotive drive train in U.S. Patent Application Serial No. 
10/649,286; have also disclosed a method of allocating energy amongst members of a 
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consist in U.S. Patent Application Serial No. 1 1/070,848; and have disclosed a 
method for monitoring, controlling and/or optimizing the emission profile for a hybrid 
locomotive or consist of hybrid locomotives in U.S. Patent Application Serial No. 
1 1/095,036, all of which are also incorporated herein by reference. 

In U.S. Provisional Applications 60/607,194 and 60/618,632, Donnelly et al. 
have further disclosed a general electrical architecture for locomotives based on 
plurality of power sources, fuel and drive train combinations. The power sources may 
be any combination of engines, energy storage and regenerative braking. Donnelly et 
all have also disclosed a versatile multiple engine control strategy that can by applied 
to locomotives to reduce emissions and fuel consumption in U.S. Provisional 
Application 60/674,837. These provisional applications are also incorporated herein 
by reference. 

Multi-engine locomotives are not new. Often a multi-engine locomotive can 
be comprised of engines each of which can provide power to separate driving wheel 
assemblies or separate groups of driving wheel assemblies. In other designs, the AC 
electrical output of two engine/alternator systems have been synchronized to provide 
power to an AC bus which, in turn, provides power to all the locomotive's traction 
motors. Older multi-engine designs have utilized synchronized mechanical 
transmissions to supply power directly to the driving wheel assemblies. 

Recently, a French Railway Company, VFLI, disclosed a dual engine 
locomotive utilizing a common DC bus electrical transmission where the two engines 
need not be synchronized. The second engine in this design is brought on-line using a 
simple algorithm. Under this algorithm, when the power output of the first engine 
exceeds 70% of its rated value, the second engine is brought on-line. 
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However, there remains a need for a versatile multiple engine packaging 
strategy that optimizes the power density of the locomotive power plant while 
reducing emissions and fuel consumption. 

5 SUMMARY 

These and other needs are addressed by the various embodiments and 
configurations of the present invention which are directed generally to packing a 
plurality of small engines in a way that increases the power density over that of a 
single engine of the same output power. 

10 In an embodiment of the present invention, a plurality of engines with their 

associated systems such as for example turbo chargers, lubrication, cooling, and 
emissions controls are packaged to substantially maximize power density. This 
packaging strategy is made possible by the use of an electric transmission power 
distribution configuration. In this configuration, the engines deliver power to a 

15 converter (which typically includes an electric alternator that converts mechanical 

shaft power of the engine to AC electrical power and a rectifier apparatus that 
converts the AC electrical power to DC power which provides DC power to a 
common DC bus. The DC bus then provides power to traction motors. The traction 
motors may be AC traction motors in which case power from the DC bus is converted 

2 0 to AC power by one or more inverters. The traction motors may be DC traction 

motors in which case power from the DC bus is controlled by one or more choppers. 
This system of converting mechanical power from one or more engines to electrical 
power to drive traction motors is commonly called an electric transmission. The 
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electric transmission allows the engines to be located away from the traction motors 
which are commonly located near gearboxes, drive shafts or axles assemblies. 

Another embodiment of the present invention is directed at a packaging 
strategy for a multi-engine locomotive comprised of as many as about eight separate 
engines. The invention is based on a common DC bus electrical architecture so that 
engines need not be synchronized, need not be of the same power rating and may be 
operated at different power and engine rpm combinations. 

In a preferred embodiment of the present invention, engines and their 
associated alternator/rectifier systems are placed side by side in pairs and typically 
facing in opposite directions. However, if warranted by engines and alternator 
assemblies having comparable widths, they may face in the same direction. These 
configurations allow one or more two-engine modules to be arranged on a deck of a 
locomotive so that the width, height and length of the engine compartment need not 
be changed significantly from that of the same locomotive with a single large engine. 
As will be discussed, this two engine module arrangement can provide advantages for 
servicing, maintenance and replacement. Another potential advantage of this 
arrangement is that some elements of the lubricating systems and cooling systems can 
be common to both engines, thus further utilizing space more efficiently. An 
important feature of this embodiment is that ancillary equipment such as for example 
oil filters, air filters, oil dip sticks, fuel filters, starter motors and batteries and the like 
can be located on the outside of the engine pairs so that they are readily accessible for 
inspection, servicing, maintenance and replacement. 
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In a first configuration of the preferred embodiment, V-type engines are 
packaged to achieve a power density that is approximately that of a single large engine 
of the same power. 

In a second configuration of the preferred embodiment, in-line engines are 
packaged to achieve a power density that is significantly greater than that of a single 
large engine of the same power. 

In the preferred embodiments, elements of the engine cooling systems, 
lubrication systems and emissions systems are common to at least two engines. 

Advantages of the packaging system of the present invention can include: 

□ greater power density can be achieved than a single engine of the same power 

□ smaller engines are more readily mass produced 

□ smaller engines are generally more fuel efficient per unit power output 

□ smaller engines inherently produce less emissions per unit power output 

□ smaller engines can be removed with smaller lifting equipment 
These and other advantages will be apparent from the disclosure of the 

invention(s) contained herein. 

The above-described embodiments and configurations are neither complete 
nor exhaustive. As will be appreciated, other embodiments of the invention are 
possible utilizing, alone or in combination, one or more of the features set forth above 
or described in detail below. 

The following definitions are used herein: 

A locomotive is generally a self-propelled railroad prime mover which is 
powered either by a steam engine, diesel engine or externally such as from an 
overhead electrical catenary or an electrical third rail. 
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A diesel-electric locomotive is commonly a diesel powered railroad prime 
mover which includes an engine, generator, and traction motors on each propulsion 
axle. 

A diesel-hydraulic locomotive is commonly a diesel powered railroad prime 
5 mover which includes an engine, a transmission and a drive system connecting one or 

more propelling axles. Less commonly, a diesel-hydraulic locomotive includes an 
engine, an electric motor and pumps which operate hydraulic motors on one or more 
propelling axles. 

A cabless locomotive is a locomotive not having a functional operator's 
1 0 enclosure or cab. In a functional operator's cab, the locomotive may be operated with 

protection from outside weather, noise and fumes. In a functional operator's cab, the 
operator has available at least throttle controls, braking controls and locomotive status 
displays. A cabless locomotive may not have an operator's cab or it may have the cab 
windows blacked out and the door locked to render the cab unuseable. 
15 Power density as used herein is power per unit volume (watts per cubic meter). 

Specific power as used herein is power per unit mass (watts per kilogram). 
In a dual-mode hybrid, the energy storage and prime power are approximately 
balanced. For example, a dual-mode hybrid can operate on electric drive only, on 
engine power only, or on a combination of both. These vehicles are typically parallel 
2 0 hybrids. 

A battery-dominant hybrid locomotive is a dual-mode hybrid locomotive 
where the energy storage apparatus is a battery pack and the battery pack is capable of 
supplying approximately as much or more instantaneous power than the prime power 
source when both are engaged with the propulsion system. 

-6- 
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As used herein, "at least one", "one or more", and "and/or" are open-ended 
expressions that are both conjunctive and disjunctive in operation. For example, each 
of the expressions "at least one of A, B and C", "at least one of A, B, or C", "one or 
more of A, B, and C", "one or more of A, B, or C" and "A, B, and/or C" means A 
alone, B alone, C alone, A and B together, A and C together, B and C together, or A, 
B and C together. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a schematic of a single-engine locomotive which is prior art. 

Figure 2 is a schematic of the principal propulsion components of a multi-engine 

locomotive. 

Figure 3 is an example of the overall electrical schematic of a multi-engine 
locomotive. 

Figure 4 is a schematic of a modular configuration for a six-engine locomotive. 
Figure 5 is a schematic of a modular configuration for a four-engine locomotive with 
a small energy storage system. 

Figure 6 is a schematic of a modular configuration for a two-engine locomotive with a 
large energy storage system (battery-dominant hybrid configuration). 
Figure 7 is a schematic of a modular configuration for a multi-engine locomotive 
based on V type engines. 

Figure 8 is a schematic of a modular configuration for a multi-engine locomotive 
based on in-line type engines. 

Figure 9 is a schematic plan view and side view of an in-line engine. 
Figure 10 is a schematic plan view of two side-by-side in-line engines. 
Figure 1 1 is a schematic end view of two side-by-side in-line engines. 
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DETAILED DESCRIPTION 
General Architecture 
Figure 1, which is prior art, shows a top view Fig. la, a side view Fig. lb and 
a cutaway side view Fig. lc of a typical diesel-electric locomotive powered by a single 
large diesel engine. This figure was adapted from a drawing found in "The Car and 
Locomotive Encyclopedia" by Kalmbach Publishing Company. The diesel engine 
101 occupies an approximate length 102, an approximate width 103 and an 
approximate height 104. A large diesel engine such as this commonly requires a large 
alternator assembly 1 1 1 which is shown herein as occupying an approximate length 
1 12, an approximate width 113 and an approximate height 114. The locomotive deck 
1 15 is typically occupied by other equipment including starter motor batteries 122, 
engine air filter 121, generator and traction motor blower 123, engine coolant water, 
engine oil and water and engine oil filters 124. The engine cooling system is, in part, 
comprised of large radiators 1 16 mounted under cooling fans 117 mounted on the top 
of the locomotive hood. The exhaust manifolds 1 18 of the engine 101 are mounted 
above the engine and additional hood mounted cooling fans. The locomotive's diesel 
fuel tank 125 is also shown. The engine 101, alternator 1 12 and ancillary engine 
equipment all comprise the engine system. The means of estimating the approximate 
volume of the engine system is discussed after Figure 8 in the section on Effective 
Power Density. 

Figure 2 is a schematic diagram showing an example of five engines 203 
connected in parallel to a DC bus represented by bus bars 201 and 202 to provide 
power to four traction motors 204 controlled through a power control device 205. If 
the traction motors are AC motors, the power control device is an inverter. If the 



WO 2006/028638 PCT/US2005/028315 
traction motors are DC motors, the power control device is a chopper. The same 
principles can be applied to any number of engines in the range of two engines to 
about eight engines. Eight engines could in principle correspond to the eight notches 
of power control typically used in many locomotives. This example illustrates how a 
number of smaller engines which may have highly developed efficiency and emission 
controls can be used in place of a single large engine. In this example, four traction 
motors are used but, as can be appreciated, the number and type of drive motors is 
independent of the number and type of power supplies. Each engine is shown has its 
mechanical shaft power converted to DC electrical output by an alternator whose AC 
output is converted to DC output by a rectifier which, in turn, is connected to the DC 
bus. The combination 203 of an engine, its corresponding alternator and rectifier is 
referred to as an engine system. The voltage levels and power outputs of the engine 
systems are controlled independently by their individual excitation means 
incorporated in their alternators. The rectifiers are typically comprised of blocking 
diodes to prevent reverse power flow from the DC bus when the DC output voltage of 
a particular engine system is less than the voltage across the DC bus. As can be seen, 
the voltage across the DC bus is established by the engine system or systems with the 
highest DC output voltage to the bus. Engine systems with lower output DC voltages 
than the voltage across the bus will not provide power to the bus and will not receive 
power from the bus because of the blocking diodes contained in their rectifiers. Thus, 
by controlling the output voltage of any engine system by its particular excitation 
current, that engine system can be brought on-line to supply power to the DC bus. In 
this example, the DC bus supplies power to a load control apparatus 205 which 
controls the level of power to all four traction motors 204. The bus provides a power 
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capacity at a predetermined voltage and the load control apparatus 205 controls the 
current flow, and hence the power level, to the motors 204. The traction motors 204 
may be, for example, AC induction motors, DC motors, permanent magnet motors or 
switched reluctance motors. If the traction motors are AC motors, power is controlled 
by means of one or more inverters connected to the DC bus. Alternately, if the 
traction motors are a DC motors, power is controlled by means of one or more 
chopper circuits connected to the DC bus. In the example shown in Figure 2, a single 
load control apparatus controls all of the traction motors Although not shown here, 
locomotives may be configured with each traction motor having its own load control 
apparatus. 

A conventional battery operated starter motor can be used to start an engine. 
Alternately, a compressed air driven engine starter system may be utilized, making 
use of the compressed air supply associated with, for example, an air brake system. 
Alternately, the voltage control strategy articulated above is also compatible with the 
use of an induction alternator to provide electrical power from the engines to a DC 
bus. The use of an induction alternator, when at least one electrical power source is in 
operation supplying power to the DC bus, would allow power from the DC bus to be 
used to start or restart an engine that is turned off This method of starting engines is 
known and is used to provide high starting power without the need of a separate 
starter motor. A pre-lubrication pump can also be operated directly from the DC bus 
or from an auxiliary power supply to lubricate a diesel engine just prior to starting it 
so as to extend its operational lifetime. While the above engine start-up procedures 
are well-known, they can be applied more readily utilizing the voltage control and DC 
bus architecture of the present invention. 

-10- 
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Figure 3 is an example of an overall electrical schematic of a multi-engine 
locomotive where six engines are used to provide power to a DC bus which in turn 
makes power available to an auxiliary power system, an energy storage system and a 
plurality of traction motors. In this example, the DC bus may also allow power from 
the traction motors to be dissipated during dynamic braking and/or provide power to 
an energy storage system which may be used to start one or more of the engines. In 
the example shown in Figure 3, the DC bus is shown formed by two conductors 303 
and 305. Conductor 303 is the negative side 304 and conductor 305 is the positive 
side 306. Six alternators 301 each with rectifying diodes 302 are shown connected in 
parallel to the DC bus. The output DC current from each rectifier 302 is measured by 
its own individual current sensor 311. A propulsion system 307 comprised of four 
DC traction motors, each controlled by an individual chopper circuit and common 
excitation circuit is shown connected to the DC bus in parallel with the engine 
systems. A typical auxiliary power system 308 is also shown connected to the DC bus 
in parallel with the engine systems and propulsion system. A typical dynamic braking 
system including a dissipating resistive grid 309 is also shown connected to the DC 
bus in parallel with the engine systems, propulsion system 307 and auxiliary power 
system 308. Figure 3 also shows an example of a capacitor energy storage system 310 
connected to the DC bus. Such an energy storage system 310 may be maintained in a 
state-of-charge by DC power from one or more of the engines or from power from a 
dynamic braking system by, for example, a buck/boost circuit. The energy storage 
system may be used to provide power for starting one or more engines by any of a 
number of well-known methods. As can be appreciated, the energy storage system 
can also be a battery pack or a flywheel storage system. A similar electrical 
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architecture for a multi-engine locomotive was disclosed previously in US Provisional 
Applications 60/607,194 and 60/618,632 entitled "Locomotive Power Train 
Architecture". 

The following examples illustrate means of physically arranging various 
power supply components on a locomotive deck to optimize power density (power per 
unit volume) and/or power per unit deck length. This method is directed at a 
locomotive comprised of multiple engines or energy storage devices or combinations 
of the two. The method also allows for components to be easily added or deleted to 
change the power profile and operating characteristics of the locomotive. This 
method is fully compatible with the unique electrical architecture described for 
example in Figure 3. 

Figure 4 is a schematic of a modular configuration for a multi-engine 
locomotive showing a plan view in Fig. 4a and a side view in Fig. 4b. This example 
illustrates, as shown in Fig. 4b, a locomotive with 3 bays 401, 402 and 403 where 
each bay is approximately 10 feet long. Each of the three bays 401, 402 and 403 
contains two in-line diesel engines 411,412 and 413 mounted side by side for a total 
of six diesel engines. Each in-line engine 401 has a power rating preferably in the 
range of about 400 kW to about 1,000 kW for a total locomotive power rating in the 
range of about 2,400 kW to about 8,000 kW. As discussed previously, this 
configuration of several diesel engines can have at least three important emissions 
control advantages. First, the engines can be smaller engines that typically run hotter 
than a single large engine and therefore the exhaust temperatures are higher which 
allows a more effective post-treatment of emissions. Second, with smaller engines, 
the residency times of combustion event are shorter which also is known to reduce 

-12- 
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overall production of emissions. Third, with the multiple smaller engine 
configuration, engines not needed can be idled or turned off and less overall fuel is 
consumed and therefore less overall emissions are generated. Multiple small engines 
can be shut down or re-started as needed to keep those that are running close to full 
load, thereby producing exhaust at a temperature conducive to effective 
post-treatment. In contrast, a single large engine will necessarily operate for 
considerable amounts of time at part-load or idle conditions which provide exhaust 
temperatures too low for effective post-treatment. The location of overhead cooling 
radiators 405 and cooling fans 406 and the additional space 404 for auxiliary power 
motors, compressors, power electronic components and the like is typical but may be 
located elsewhere. As can be appreciated, packaging the engines 411,412 and 413 
compactly is an important goal so that the locomotive can have, for example, full 
width walkways on either side of the locomotive. As can be further appreciated, the 
in-line diesel engines can be gas turbines, microturbines, Stirling engines or spark 
ignition engines. The dimensions shown in Figure 4 are for illustration and are 
approximate for a large locomotive. This figure was disclosed previously in US 
Provisional Applications 60/607,194 and 60/618,632 entitled "Locomotive Power 
Train Architecture". 

Figure 5 is a schematic of a modular configuration for a dual-mode hybrid 
locomotive showing a plan view in Fig. 5 a and a side view in Fig. 5b. This example 
illustrates, as shown in Fig. 5b, a locomotive with 3 bays 501, 502 and 503 where 
each bay is approximately 10 feet long. A battery pack 5 1 1 is shown occupying one 
of the bays 501. The battery pack would have an energy storage capacity in the range 
of about 400 to about 1,000 kW-hrs. The second and third bays 502 and 503 each 

-13- 
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contain two in-line diesel engines 512 and 513 mounted side by side for a total of four 
diesel engines. Each in-line engine would have a power rating in the range of about 
400 kW to about 1,000 kW. In this configuration, the locomotive is a dual-mode 
hybrid which is suited to working primarily on diesel power only and using the battery 
5 pack primarily to boost power for acceleration or ascending grade. The battery pack 

511 may be recharged by one or more of the diesel engines an/or by a regenerative 
braking system. The most likely application of this configuration is as a road 
switcher locomotive which operates in a yard for some of the time and a trunk line for 
much of the time. As can be appreciated, the more compact the packaging of the four 

1 0 in-line engines, the larger the battery pack energy storage system can be. This is very 

important if a significant portion of the regenerative braking energy is to be recovered. 
The dimensions shown in Figure 5 are for illustration and are approximate for a large 
locomotive. The location of overhead cooling radiators 505 and cooling fans 506 and 
the additional space 504 for auxiliary power motors, compressors, power electronic 

1 5 components and the like is typical but may be located elsewhere. This figure was 

disclosed previously in US Provisional Applications 60/607,194 and 60/618,632 
entitled "Locomotive Power Train Architecture". 

Figure 6 is a schematic of a modular configuration for a battery dominant 
locomotive showing a plan view in Fig. 6a and a side view in Fig. 6b. This example 

2 0 illustrates, as shown in Fig. 6b, a locomotive with 3 bays 601, 602 and 603 where 

each bay is approximately 10 feet long. Two battery packs 611 and 612 are shown 
occupying two bays 601 and 602. Each battery pack would have an energy storage 
capacity in the range of about 400 to about 1,000 kW-hrs. The third bay 603 contains 
two in-line diesel engines 613 mounted side by side. Each in-line engine would have 

-14- 
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a power rating in the range of about 400 kW to about 1,000 kW. In this configuration, 
the locomotive is a battery-dominant hybrid which is suited to working primarily on 
battery power only and from time-to-time on both battery and diesel power. The most 
likely application of this configuration is as a yard switcher locomotive which 
operates primarily at low speeds but requires substantial tractive effort from time-to- 
time when it assembles and moves train cars. As can be appreciated, the battery packs 
illustrated in Figures 5 and 6 can be capacitor banks and the in-line diesel engines in 
Figures 4, 5 and 6 can be gas turbines. 

Figure 7 a schematic top (Fig. 7a) and side view (Fig. 7b) of a modular 
configuration for a multi-engine locomotive based on V type engines. Four V-type 
engines are shown in two nested pairs 701. Each engine is mechanically coupled to 
an alternator/rectifier unit. The deck space in front of the engines houses the cooling 
equipment. The deck space behind the engines houses the power electrical 
equipment. The dimensions shown in Figure 7 are for illustration and are 
approximate for a large locomotive. The location of overhead cooling fans, the 
control cab and the additional space for auxiliary power motors, compressors and 
cooling systems are typical but may be located elsewhere. The configuration of V- 
type engines has approximately the same power density as a locomotive of similar 
power based on a single engine. However, this configuration has a number of 
advantages over a locomotive with a single large engine. 
The advantages include: 

□ smaller engines in general have lower fuel consumption compared to a single 
large engine of the same power for all railroad duty cycles. 
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□ smaller engines typically have lower gaseous and particulate emissions in part 
because the physics of a shorter combustion cycle is better suited for reduction 
of emissions. 

□ The smaller engines can be removed and replaced with lighter more available 
lifting equipment. 

□ When a small engine fails, the locomotive can still continue to operate and 
work in all but the higher notch settings. 

□ The post treatment apparatus required for the smaller engines is typically less 
bulky. 

□ The radiators for the smaller engines can be mounted above the engines to 
optimize usage of deck space. 

□ With more efficient usage of deck space, hot air from the superchargers can be 
more easily cooled to help keep emissions within specification. 

□ Engine usage can be rotated to optimize time between maintenance periods. 

□ The locomotive can be readily reconfigured to a hybrid. The hybrid can be an 
engine-dominant or a battery-dominant locomotive. 

Figure 8 a schematic top (Fig. 8a) and side view (Fig. 8b) of a modular 
configuration for a multi-engine locomotive based on in-line type engines. Six in-line 
engines are shown in three nested pairs 801 . Each engine is mechanically coupled to 
an alternator/rectifier unit. The deck space in front of the engines houses the cooling 
equipment. The deck space behind the engines houses the power electrical 
equipment. The dimensions shown in Figure 8 are for illustration and are 
approximate for a large locomotive. The location of overhead cooling fans, the 
control cab and the additional space for auxiliary power motors, compressors and 
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cooling systems are typical but may be located elsewhere. The configuration of in- 
line type engines typically has a greater power density than a locomotive of similar 
power based on a single engine. In addition, this more preferred configuration has all 
the other advantages described in Figure 7 for the multiple V-type engine 
configuration. 

Effective Power Density 

Locomotives are usually rated on traction horsepower which is related to the 
electrical power sent to the traction motors after subtracting parasitic and auxiliary 
loads, and alternator inefficiencies. To make a comparison that is not dependent on 
the drive train (power conversion equipment and type of traction motors), calculations 
of power density are based on engine brake horsepower. 

Power per length of locomotive deck is based on the length along the 
locomotive deck occupied by the engine, alternator and related engine equipment. 
This equipment typically includes a blower that supplies cooling air to the alternator, 
cooling radiators, starter motors and there batteries and the like. The volume 
occupied by the engine system is taken as deck length times hood width and the hood 
height. Deck volume occupied by the engine system and engine brake power are used 
to calculate the power density of the engine system. 

The following table summarizes the power per length and power densities of 
two conventional single-engine locomotives; a four V-type engine locomotive 
configuration (Figure 7); and a six in-line type engine locomotive configuration 
(Figure 8) . 
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Locomotive 


Single 


Single 


Four 


Six Engine 




Engine 


Engine 


Engine 




Engine Power (kW) 


2,460 


3,100 


520 


510 


Number of Engines 


1 


1 


4 


6 


Total Locomotive Power 


2,460 


3,100 


2,080 


3,060 


(kW) 










Deck Length (m) 


9.91 


10.67 


10.01 


9.14 


Deck Volume (m 3 ) 


52.5 


56.5 


46.9 


42.5 


Power per Length (kW/m) 


248.4 


290.1 


206.6 


335.2 


Power Density (kW/m 3 ) 


46.9 


54.8 


44.1 


72.2 



10 As can be seen from the above table, the four V-type engine locomotive 

configuration has a power density comparable to that of the two conventional single- 
engine locomotives. The more preferred six in-line engine locomotive configuration 
has a substantially greater power density than the two conventional single-engine 
locomotives. The six-engine configuration has approximately the same total power as 

15 the larger single-engine locomotive but takes up considerably less deck length and 

volume. This is in part possible with a multi-engine locomotive, in which a single 
smaller starter motor system can be used, the cooling radiators can be positioned 
above the engines and other systems such as for example, the oil lubricating system 
can be distributed. 

2 0 Figure 9 is a schematic plan view and side views of an in-line engine. Fig. 9a 

shows one side of an engine block 904, alternator apparatus 905 and an electrical 
apparatus 906 that typically contains the rectifier equipment for the alternator 905. 
Not shown in this figure are engine system ancillary equipment such as for example 
an engine turbo charger, fuel filter, air filter, oil lubrication reservoir, exhaust silencer, 
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oil filter, starter motor apparatus, coolant radiators and cooling fans. The engine 904, 
alternator 905 and ancillary engine equipment all comprise the engine system which is 
typically mounted on a frame 907 attached to the deck of the locomotive. A "box" 
901 represents the approximate height 903 and length 902 required for the engine 
system. For the locomotives shown in the previous figures, the approximate height 
903 is in the range of about 2.2 to 2.6 meters and the approximate length 902 is in the 
range of about 2.8 to 3.3 meters Fig. 9b shows a plan view illustrating the compact 
width profile of the engine alternator package showing the engine 914 and the 
alternator 915. A "box" 911 represents the approximate width 913 for a nested pair of 
the in-line engine systems and length 912 required for the engine system. Ancillary 
engine system equipment such as an oil level dipstick, oil filter, fuel filter and air filter 
are not shown but would be mounted on the outer side which is an example of how 
these often-used and replaced items are placed for ready maintenance and 
replacement. The approximate width 913 is in the range of about 1.7 to 2 meters and 
the approximate length 902 is in the range of about 2.8 to 3.3 meters 

Figure 10 is a schematic plan view of two side-by-side in-line engines. A 
"box" 1001 represents the approximate width 1003 and length 1002 required for the 
nested engine system pair. A first engine 1004 is shown with its alternator/rectifier 
apparatus 1005 facing in one direction while a second engine 1014 is shown with its 
alternator/rectifier apparatus 1015 facing in the opposite direction. As discussed in 
Figure 9, the often-used and replaced items such as the oil level dipsticks, air filters, 
fuel filters and the like are mounted on the outside of the two-engine module for ready 
maintenance and replacement. For the locomotives shown in the previous figures, the 
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approximate width 1003 is in the range of about 1 .7 to 2 meters and the approximate 
length 1002 is in the range of about 2.8 to 3.3 meters 

Figure 1 1 is a schematic end view of two nested in-line engines mounted side 
by side and corresponds to Figure 10. There are many ways to mount engines side by 
side and the goal is to mount the engines in the minimum volume so as to maximize 
power per unit volume on the locomotive deck. The engines 1 106, alternators 1 105 
and rectifiers 1 104 are shown mounted on a skid assembly 1 107 which may provide 
shock isolation as well as a convenient means to remove a pair of engines for 
servicing, rebuilding or replacement. A common engine exhaust system 1 109 and 
cooling fan 1 108 are shown mounted above the two engines. A "box" 1101 
represents the approximate height 1 103 and width 1 102 required for the nested engine 
system pair. Examples of typical ancillary engine system equipment are shown and 
include fuel filters 1 108 mounted on the outside of engines 1 105 for convenience of 
service and replacement, turbo charger intakes 1111 and lubricating oil reservoirs 
1110. For the locomotives shown in the previous figures, the approximate height 
1 103 is in the range of about 2.2 to 2.6 meters and the approximate width 1 102 is in 
the range of about 1.7 to 2 meters. 

A number of variations and modifications of the invention can be used. As 
will be appreciated, it would be possible to provide for some features of the invention 
without providing others. For example, in one alternative embodiment, the various 
inventive features are applied to vehicles other than locomotives, such as cars, railroad 
cars, and trucks. A number of variations and modifications of the invention can be 
used. It would be possible to provide for some features of the invention without 
providing others. 
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The present invention, in various embodiments, includes components, 
methods, processes, systems and/or apparatus substantially as depicted and described 
herein, including various embodiments, sub-combinations, and subsets thereof. Those 
of skill in the art will understand how to make and use the present invention after 
understanding the present disclosure. The present invention, in various embodiments, 
includes providing devices and processes in the absence of items not depicted and/or 
described herein or in various embodiments hereof, including in the absence of such 
items as may have been used in previous devices or processes, e.g. for improving 
performance, achieving ease and\or reducing cost of implementation. 

The foregoing discussion of the invention has been presented for purposes of 
illustration and description. The foregoing is not intended to limit the invention to the 
form or forms disclosed herein. In the foregoing Detailed Description for example, 
various features of the invention are grouped together in one or more embodiments for 
the purpose of streamlining the disclosure. This method of disclosure is not to be 
interpreted as reflecting an intention that the claimed invention requires more features 
than are expressly recited in each claim. Rather, as the following claims reflect, 
inventive aspects lie in less than all features of a single foregoing disclosed 
embodiment. Thus, the following claims are hereby incorporated into this Detailed 
Description, with each claim standing on its own as a separate preferred embodiment 
of the invention. 

Moreover, though the description of the invention has included description of 
one or more embodiments and certain variations and modifications, other variations 
and modifications are within the scope of the invention, e.g., as may be within the 
skill and knowledge of those in the art, after understanding the present disclosure. It 
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is intended to obtain rights which include alternative embodiments to the extent 
permitted, including alternate, interchangeable and/or equivalent structures, functions, 
ranges or steps to those claimed, whether or not such alternate, interchangeable and/or 
equivalent structures, functions, ranges or steps are disclosed herein, and without 
5 intending to publicly dedicate any patentable subject matter. 
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What is claimed is : 

1 . A locomotive, comprising: 

a plurality of engines, each engine having a corresponding power rating and all 
of the engines have a cumulative power rating that is a sum of the corresponding 
power ratings; 

at least one converter to convert mechanical energy outputted by the engines to 
Direct Current (DC) electrical energy; 

at least one traction motor operable to receive electrical energy and, in 
response, propel the vehicle; and 

a DC bus connected to the engines, at least one converter, and traction motor 
and operable to transfer electrical energy from the at least one converter to the at least 
one traction motor, wherein the plurality of engines are configured to provide at least 
one of a power-per-length and power density that is greater than the at least one of a 
power-per-length and power density of a single-engine locomotive having a power 
rating approximately the same as the cumulative power rating. 

2. The locomotive of claim 1, further comprising: 

a control system operable to control operations of the engines, wherein, in a 
selected time interval, a first engine outputs a level of mechanical energy 
corresponding to a first percentage of the first engine's corresponding power rating, 
and a second engine outputs a level of mechanical energy corresponding to a second 
percentage of the second engine's corresponding power rating and wherein the first 
percentage is less than the second percentage and wherein the control system controls 
which engines provide energy to the DC bus by setting at least one of an output 
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voltage of the at least one converter, the DC bus voltage, and a voltage associated with 
the at least one traction motor. 

3. The locomotive of claim 1, wherein the plurality of engines comprise 
from 3 to 8 engines, wherein the engines are not synchronized, wherein at least two of 
the engines have different power ratings, wherein, in the selected time interval, the 
first and second engines are operated simultaneously at different revolutions-per- 
minute, wherein the at least one converter is an alternator and a rectifier, wherein the 
at least converter comprises a blocking diode to inhibit reverse energy flow from the 
DC bus to the engines, and wherein each of the power ratings ranges from about 400 
kW to about 1,000 kW and the cumulative power rating ranges from about 2,400 kW 
to about 8,000 kW, and further comprising: 

an energy storage system connected to the bus for storing electrical energy and 
providing electrical energy to the bus. 

4. The locomotive of claim 2, wherein the first and second engines 
respectively have first and second converters, wherein the first and second engines 
and the corresponding first and second converters are located side-by-side and face in 
different directions, wherein the first and second engines have at least one common 
element of a lubricating system, emission system, and/or cooling system, and wherein 
at least one of an oil filter, air filter, oil dip stock, fuel filter, starter motor, and battery 
is located on an outwardly facing side of each of the first and second engines. 

5. The locomotive of claim 1, wherein the plurality of engines are in-line 
engines connected in parallel relative to the DC bus, wherein the at least one converter 
comprises an alternator and rectifier, wherein first and second in-line engines are in a 
nested relationship to one another, each of the first and second in-line engines 
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comprising an engine block, alternator, and rectifier, wherein engine blocks, 
alternators, and rectifiers of the first and second engines are positioned on opposing 
sides of the locomotive, wherein the first and second in-line engines are positioned 
within a box-like space, wherein the box-like space has a height ranging from about 
2.2 to about 2.6 meters, a length ranging from about 2.8 to about 3.3 meters and a 
width ranging from about 1.7 to about 2 meters, and wherein the first engine's block is 
adjacent to the second engine's alternator and rectifier and wherein the second engine's 
block is adjacent to the first engine's alternator and rectifier. 

6. The locomotive of claim 2, wherein the first and second engines are 
mounted on a skid assembly, the skid assembly being removably connected to the 
locomotive, whereby the first and second engines may be removed simultaneously 
from the locomotive. 

7. A locomotive, comprising: 

a plurality of engines, each engine having a corresponding power rating and all 
of the engines have a cumulative power rating that is a sum of the corresponding 
power ratings; 

at least one converter to convert mechanical energy outputted by the engines to 
Direct Current (DC) electrical energy; 

at least one traction motor operable to receive electrical energy and, in 
response, propel the vehicle; 

a DC bus connected to the engines, at least one converter, and traction motor 
and operable to transfer electrical energy from the at least one converter to the at least 
one traction motor; and 
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a control system operable to control operations of the engines, wherein, in a 
selected time interval, a first engine outputs a level of mechanical energy 
corresponding to a first percentage of the first engine's corresponding power rating, 
and a second engine outputs a level of mechanical energy corresponding to a second 
percentage of the second engine's corresponding power rating and wherein the first 
percentage is less than the second percentage and wherein the control system controls 
which engines provide energy to the DC bus by setting at least one of an output 
voltage of the at least one converter, the DC bus voltage, and a voltage associated with 
the at least one traction motor. 

8. The locomotive of claim 7, wherein the plurality of engines are 
configured to provide at least one of a power-per-length and power density that is 
greater than the at least one of a power-per-length and power density of a single- 
engine locomotive having a power rating approximately the same as the cumulative 
power rating, wherein the plurality of engines comprise from 3 to 8 engines, wherein 
the engines are not synchronized, wherein at least two of the engines have different 
power ratings, and wherein, in the selected time interval, the first and second engines 
are operated simultaneously at different revolutions-per-minute. 

9. The locomotive of claim 7, wherein the first and second engines 
respectively have first and second converters and wherein the first and second engines 
and the corresponding first and second converters are located side-by-side and face in 
different directions, wherein the first and second engines have at least one common 
element of a lubricating system, emission system, and/or cooling system, and wherein 
at least one of an oil filter, air filter, oil dip stock, fuel filter, starter motor, and battery 
is located on an outwardly facing side of each of the first and second engines. 
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10. The locomotive of claim 7, wherein the plurality of engines are V-type 
engines connected in parallel relative to the DC bus. 

1 1 . The locomotive of claim 7, wherein the plurality of engines are in-line 
engines connected in parallel relative to the DC bus, wherein the at least one converter 
comprises an alternator and rectifier, wherein first and second in-line engines are in a 
nested relationship to one another, each of the first and second in-line engines 
comprising an engine block, alternator, and rectifier, wherein engine blocks, 
alternators, and rectifiers of the first and second engines are positioned on opposing 
sides of the locomotive, wherein the first and second in-line engines are positioned 
within a box-like space, wherein the box-like space has a height ranging from about 
2.2 to about 2.6 meters, a length ranging from about 2.8 to about 3.3 meters, and a 
width ranging from about 1.7 to about 2 meters, and wherein the first engine's block is 
adjacent to the second engine's alternator and rectifier and wherein the second engine's 
block is adjacent to the first engine's alternator and rectifier. 

12. The locomotive of claim 7, wherein the at least one converter is an 
alternator and a rectifier and wherein the at least converter comprises a blocking diode 
to inhibit reverse energy flow from the DC bus to the engines and wherein each of the 
power ratings ranges from about 400 kW to about 1,000 kW and the cumulative 
power rating ranges from about 2,400 kW to about 8,000 kW and further comprising: 

an energy storage system connected to the bus for storing electrical energy and 
providing electrical energy to the bus. 

13. The locomotive of claim 7, wherein the first and second engines are 
mounted on a skid assembly, the skid assembly being removably connected to the 
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locomotive, whereby the first and second engines may be removed simultaneously 
from the locomotive. 

14. A locomotive, comprising: 

a plurality of engines, each engine having a corresponding power rating and all 
of the engines have a cumulative power rating that is a sum of the corresponding 
power ratings; 

at least one converter to convert mechanical energy outputted by the engines to 
Direct Current (DC) electrical energy; 

at least one traction motor operable to receive electrical energy and, in 
response, propel the vehicle; and 

a DC bus connected to the engines, at least one converter, and traction motor 
and operable to transfer electrical energy from the at least one converter to the at least 
one traction motor, wherein the plurality of engines are in-line engines connected in 
parallel relative to the DC bus. 

15. The locomotive of claim 14, further comprising: 

a control system operable to control operations of the engines, wherein, in a 
selected time interval, a first engine outputs a level of mechanical energy 
corresponding to a first percentage of the first engine's corresponding power rating, 
and a second engine outputs a level of mechanical energy corresponding to a second 
percentage of the second engine's corresponding power rating and wherein the first 
percentage is less than the second percentage and wherein the control system controls 
which engines provide energy to the DC bus by setting at least one of an output 
voltage of the at least one converter, the DC bus voltage, and a voltage associated with 
the at least one traction motor. 
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16. The locomotive of claim 14, wherein the plurality of engines comprise 
from 3 to 8 engines, wherein the engines are not synchronized, wherein at least two of 
the engines have different power ratings, and wherein, in the selected time interval, 
the first and second engines are operated simultaneously at different revolutions-per- 
minute, wherein the first and second engines respectively have first and second 
converters, wherein the first and second engines and the corresponding first and 
second converters are located side-by-side and face in different directions, wherein the 
first and second engines have at least one common element of a lubricating system, 
emission system, and/or cooling system, wherein at least one of an oil filter, air filter, 
oil dip stock, fuel filter, starter motor, and battery is located on an outwardly facing 
side of each of the first and second engines, wherein the plurality of engines are 
configured to provide at least one of a power-per-length and power density that is 
greater than the at least one of a power-per-length and power density of a single- 
engine locomotive having a power rating approximately the same as the cumulative 
power rating, wherein the at least one converter is an alternator and a rectifier and 
wherein the at least converter comprises a blocking diode to inhibit reverse energy 
flow from the DC bus to the engines, and wherein each of the power ratings ranges 
from about 400 kW to about 1,000 kW and the cumulative power rating ranges from 
about 2,400 kW to about 8,000 kW, and further comprising an energy storage system 
connected to the bus for storing electrical energy and providing electrical energy to the 
bus. 

17. The locomotive of claim 14, wherein the at least one converter 
comprises an alternator and rectifier, wherein first and second in-line engines are in a 
nested relationship to one another, each of the first and second in-line engines 

-29- 



WO 2006/028638 PCT/US2005/028315 
comprising an engine block, alternator, and rectifier, wherein engine blocks, 
alternators, and rectifiers of the first and second engines are positioned on opposing 
sides of the locomotive, wherein the first and second in-line engines are positioned 
within a box-like space and wherein the box-like space has a height ranging from 
5 about 2.2 to about 2.6 meters, a length ranging from about 2.8 to about 3.3 meters, and 

a width ranging from about 1.7 to about 2 meters, wherein the first engine's block is 
adjacent to the second engine's alternator and rectifier, wherein the second engine's 
block is adjacent to the first engine's alternator and rectifier. 

18. The locomotive of claim 14, wherein the first and second engines are 
10 mounted on a skid assembly, the skid assembly being removably connected to the 

locomotive, whereby the first and second engines may be removed simultaneously 
from the locomotive. 
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Figure 9 
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Figure 11 
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